Objective: The aim of this study was to compare serum maternal adiponectin concentrations in pregnant women with isolated intrauterine growth retardation (IUGR) and in pregnant women with IUGR concomitant with pre-eclampsia (IUGRcwPE).
Introduction
Adiponectin, which was first isolated from adipose tissue by Maeda et al. (1) in 1996, has become a mysterious and interesting substance since its first description. It has been thought to inhibit vascular inflammation, improve insulin sensitivity, and have antiatherogenic effects (2) . Some clinical studies showed an association between serum adiponectin concentration and obesity (3) (4) (5) . A low level of plasma adiponectin concentrations in obese humans and a positive correlation between adiponectin concentrations and insulin sensitivity were shown in another study (6) . Intrauterine growth retardation (IUGR) is described as a fetus whose weight is less than expected based on gestational age and sex, as determined by population standards; frequently chosen cut-off points are below the 10 th percentile on these curves (7) . Pre-eclampsia refers to the new onset of hypertension and proteinuria after 20 weeks of gestation in a previously normotensive woman (8) . Adiponectin receptors are found abundantly in placenta (9) . In many studies, maternal serum adiponectin concentrations were constant or decreased during the pregnancy. The unchanged situation of serum adiponectin concentrations were commented on as an independent protective reflex against increased insulin resistance (10-13); however, the decreased adiponectin concentrations were explained by the decreased insulin sensitivity during pregnancy (14, 15) . A decline in maternal serum adiponectin concentrations in IUGR and reduced plasma adiponectin concentrations were shown in past studies (16, 17) . Here, we conducted this present study to compare serum adiponectin concentrations in women with isolated IUGR and in women with IUGR concomitant with pre-eclampsia (IUGRcwPE).
Material and Methods
This case-control study was conducted at Zekai Tahir Burak Women's Health Education and Research Hospital in Ankara, Turkey. A total of 80 pregnant women, ages 18 to 40 years, and ones who had more than 28 gestational weeks were enrolled into the study. The pregnant women were classified as having isolated IUGR, IUGRcwPE, and healthy controls. The first group consisted of 30 pregnant women with isolated IUGR, the second group consisted of 20 pregnant women with IUGRcwPE, and the control group consisted of 30 healthy pregnant women. The exclusion criteria were maternal systemic illness, multifetus pregnancies, structural or chromosomal anomalies, and smoking pregnant women. The study was approved by the ethical committee and institutional review board of Zekai Tahir Burak Women's Health Education and Research Hospital, and written informed consent was obtained from each participant. Gestational age (weeks) was assessed by ultrasound examination (Logiq 200 PRO Ultrasound Device; GE Medical Systems, Milwaukee, USA) or according to the last menstrual period, or both. The pregnant women who had estimated fetal weights according to the Hadlock Formula (18) that were below the 10th percentile for gestational age formed the isolated IUGR group. The pregnant women who had IUGR and pre-eclampsia formed the IUGRcwPE group. The pregnant women who had estimated fetal weights according to the Hadlock formula (18) that were at or above the 10th percentile formed the control group. The diagnosis of pre-eclampsia was corrected with the new onset of hypertension and proteinuria after 20 weeks of gestation in a previously normotensive woman. Fasting blood samples were obtained from the antecubital vein in the third trimester. The samples were centrifuged for 10 minutes at 4000 revolutions per minute and then were stored at -80 o C. Plasma adiponectin concentrations were measured by using the human adiponectin ACRP30 ELISA kit (EZHADP-61K; Merck Millipore, Massachusetts, USA). Statistical analysis was performed using Statistical Package for Social Sciences version 14.0 (SPSS; Chicago, IL, USA). The descriptive statistical methods (mean, standard deviation, median) and the comparison of quantitative data were performed using student's t-test and one-way ANOVA. The confidence interval was 95%, and p<0.05 was considered a statistically significant difference among the groups.
Results
The descriptive characteristics of the women are shown in Table 1 . There was no significant difference among the groups in terms of maternal age, gravidity, parity, miscarriage, body mass index (BMI), and gestational age (p>0.05). The median of the ultrasonography measurement of abdominal circumference of the fetuses was 31.6±3.22 weeks in the IUGR group, 28.7±2.92 weeks in the IUGRcwPE group, and 35.19±3.3 weeks in the control group (p<0.0001). The mean of the amniotic fluid index (AFI) was 52.1 cm in the IUGR group, 39.3 cm in the IUGRcwPE group, and 108.6 cm in the control group. The differences among the groups were statistically significant (p<0.001). The mean of the BMI among the groups was not statistically significant (p=0.731); however, the weight gain was 9.19±4.53 kg in the IUGR group, 10.2±2.6 kg in the IUGRcwPE group, and 12.23±6.34 kg in the control group. The differences of weight gain between the IUGR and control groups were statistically significant (p=0.017). The mean concentrations of adiponectin were 94.041 pg/ mL in the IUGR group, 55.717 pg/mL in the IUGRcwPE group, and 51.831 pg/mL in the control group (Figure 1) . The level of adiponectin concentrations was significantly higher in women with IUGR than in the IUGRcwPE and control groups (p<0.05 and p<0.001, respectively). However, there were no significant differences among the IUGRcwPE and control groups (p>0.05).
There was no statistically significant correlation between the serum maternal adiponectin levels and age, BMI, and gestational age ( Table 2) .
Discussion
In the current study, we analyzed the prognostic role of maternal serum adiponectin concentrations in IUGR and IUGRcwPE. A total of 80 pregnant women were included into the study; of all women, 30 (37.5%) were in the IUGR group, 20 (25%) were in the IUGRcwPE group, and 30 (37.5%) were in the control group. We found that adiponectin concentrations were statistically significantly higher in the IUGR group when compared with the IUGRcwPE and control groups. Adiponectin is a substance that is produced in adipose tissue and released into the bloodstream and has angiogenic, atherosclerotic, insulin-sensitizing, and anti-inflammatory properties (19) . In the absence of adiponectin, impaired trophoblastic invasion, endothelial damage, increased insulin resistance, and increased atherosclerosis may present, as seen in pre-eclampsia (19) . Contrary to our study, Ramsay et al. (20) showed an increase in adiponectin concentrations in pre-eclamptic women. In two other studies designed by Naruse et al. (19) and Lu et al. (21) , adiponectin concentrations were found to be higher in pre-eclamptic pregnant women than normotensive pregnant women. They suggested that endothelial damage may cause elevated adiponectin concentrations. Jarvenpaa et al. (22) studied the adiponectin and adiponectin receptor genes from placental tissue from pre-eclamptic women by polymerase chain reaction (PCR) method and observed a decrease in adiponectin and adiponectin receptor genes and an increase in apoptosis. An association between low adipo-nectin concentrations and pre-eclampsia was shown in another study, and the researchers suggested that low adiponectin concentrations may be a predictive marker of the etiopathogenesis of pre-eclampsia (23) . In our study, we found similar serum maternal adiponectin concentrations in the IUGRcwPE and control groups. Some studies (24, 25) reported a positive correlation between IUGR and elevated serum maternal adiponectin concentrations, similar to our study. Fasshauer et al. (26) reported an association between impaired uterine perfusion and increased serum maternal adiponectin concentrations due to endothelial damage. On the other hand, Savvidou et al. (27) reported no association between serum maternal adiponectin concentrations in the middle trimester in women who had IUGR. In a study, adiponectin and leptin concentrations were studied from maternal blood before delivery in umbilical cords in women with IUGR, and it found a decline in adiponectin concentrations and revealed this condition with chronic stress, as in IUGR pathogenesis (16) . Street et al. (28) found lower adiponectin concentrations in umbilical cord blood samples in IUGR when compared with a control group and commented that the decline was suppression of adiponectin synthase by chronic inflammation. A recent study by Valdes et al. (29) reported that maternal serum adiponectin concentrations were not useful in predicting subsequent development of IUGR; however, maternal adiponectin concentrations were higher in pregnant women during the first trimester who developed IUGR later. In our study, we found higher maternal adiponectin concentrations in the isolated IUGR group when compared with the IUGRcwPE and control groups. In conclusion, we detected high maternal serum adiponectin concentrations in isolated IUGR and unchanged adiponectin concentrations in IUGRcwPE. This situation may be explained by the compensatory protective effect of adiponectin in pregnancy with IUGR, and we think that this compensatory mechanism has become insufficient when pre-eclampsia occurs. Further studies that involve more participants are required to understand the role of adiponectin in IUGR and IUGRcwPE.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Zekai Tahir Burak Education and Research Hospital. 
